Air is supplied via a single air-line and led by a duct to a perforated false-top air distributor in the headpiece; a plastic foam cartridge 'silencer' is fitted in the duct. The air is distributed initially to the breathing zone and then circulated within the garment prior to removal from the suit extremities via four ducts which terminate in a manifold at the back of the suit; from the manifold, the air is exhausted from the suit through four outlets, all of which can take a variety of filters and two of which can take non-return valves as an alternative to filters. The ducts and the manifold are kept open by spacer material. The supporting belt for an air-line and outlet arrangements is of 0065 in (1 65 mm) polythene and is situated inside the suit and its weight is borne by a sleeve attached to the inner surface of the suit. The emergency breathing tube terminates in a filter at the back of the suit. 'Splash' cuffs and guards are fitted to the sleeves and legs of the suit, to the filters and to the valves. A sealed gland is fitted adjacent to the air-entry point to permit the entry of 'intercom' wires if required. The weight of the suit is about 7-75 lb (3 5 kg). For hanging the suit, a moulded eyelet is welded on each shoulder. This suit is generally worn with a disposable PVC oversuit for ease of decontamination and the operator may require on occasion additional protective garments such as leaded or flameproof aprons. This means that he must be lightly clad within the suit if strenuous work is to be performed.
User comfort: Thermal comfort can be maintained by a flow rate of respirable air of around 0*14 ml/min. The airflow rate is more important than air pressure in maintaining a good supply of respirable and cooling air. A pressure differential between outside and inside of the suit is adequate at 1 in (2-5 cm) water gauge.
Noise produced by the incoming airflow can be quite high at these flow rates, hence the addition of the silencing device. Most workers, however, confess to a greater feeling of safety if they are constantly aware ofthe hiss of incoming air.
Maximum safety in operation is best achieved by the close supervision of the worker and his air supply from a control point, preferably with intercommunication facilities. The latter are essential if the operator is to be outside direct visual control. Emergency drills must be rehearsed for such events as interruption of air supply, damage to suit or gloves, collapse or injury, power failure, fire, &c.
Surgeon Commander R R A Coles (Institute ofNaval Medicine, Alverstoke, Hampshire)
Recent Developments in Ear Protection
Radical new improvements in means of ear protection are hardly to be expected since the best quality equipment has already reached the practical upper limit of attenuation. This is set by such factors as, in the case of earmuffs, bone conduction by the head as a whole and, in the case of both earplugs and earmuffs, the piston-like movement of the ear protector on the compliant tissues in the external meatus and around the ear in response to sound waves. These limitations have been known for a long time (von Gierke & Warren 1953 , Zwislocki 1957 , but are supported strongly by some recent studies of conventional and new-development earplugs carried out by myself and Mr M R Forrest by means of cadaver-ear preparations: a whole range of solid well-fitting earplugs all gave remarkably similar attenuation figures both for pure tones and impulses. Improvements in ear protection are, however, being achieved by means of developments resulting in greater usage of ear protection rather than greater sound-attenuating efficiency. Glorig has said that 'the best ear protector is the one that is worn'. Modern developments are largely related to this truism and are achieved by attention to such matters as increased comfort, increased robustness, increased scope of usage and decreased interference with communication.
Earmuffs
Some of the muffs with foam-filled seals now achieve as good attenuation as the fluid-seal muffs designed by Shaw & Thiessen (1958) and they seem to accommodate themselves equally well to the wide variety of shapes (e.g. the hollows above and below the zygomatic process and beneath the ear behind the angle ofthe jaw). Use ofthe correct type, amount and disposition ofmaterials provides the key to the design of foam seals, but not all manufacturers have succeeded in finding the right combination. The advantage of foam-filled seals is that they are more 'worker-proof' and that, unless grossly damaged, they do not lose much in efficiency when punctured. Easily detachable and replaceable seals are an added advantage.
It is often difficult to fit earmuffs beneath safety helmets and other protective or uniform headgear. Back-band or underchin-band earmuffs have been developed for this situation, though in many instances the lack of a normal head-band has resulted in instability of the cups and insufficient tension around the ears; if a webbing or plastic strap is fitted over the head, this problem can be overcome. Another approach has been to provide clip-on fittings so that the muff is attached to the lower rim ofthe helmet, but my limited experience of these suggests that insufficient tension on the head is achieved. An example of a conventional earmuff modified in the laboratory for back-band wearing is shown in Fig 1, but UK-manufactured back-band earmuffs are now becoming available.
Semi-insert Ear Protectors (or Canal Caps) One of the problems with earplugs is that they are fiddly, prone to becoming contaminated by wax, dust and dirt, and are liable to get lost, especially if frequently removed from the ears during noisefree intervals or spells in a control room. An attempt to overcome these drawbacks has been made by Glorig with his 'Sound Sentry' (Fig 2) . This is a semi-insert plug in one large size which obstructs the opening of the ear canal but does not sit in it as do ordinary earplugs. It is held there by a spring head-band, which can also be used for carrying the plug or hanging it round the neck during prolonged low-noise intervals. It does not appear to have achieved much popularity in this country, perhaps because it is less efficient than an earmuff and much more expensive than an ordinary earplug. Moreover, both the headband itself and the concentrated focus of pressure by the plug on the ear canal opening can cause discomfort.
Earplugs
Earplugs come in many forms, but can be subdivided into permanent ones usually made in several sizes and others, such as those made of glass-down or waxed cotton, which are disposable. Drawbacks of disposable earplugs are, in the case of glass-down, that they are costly and their efficiency and ease of removal depend on the skill of the worker in fashioning them from the material provided; in the case of waxed cotton-wool, the plugs are not very resilient, so that they become compressed into an inadequate size as a result of the squeezing of the ear canal by jaw movements.
However, most types of plug tend to be uncomfortable in different people and a worthwhile approach is to offer a fairly wide selection of earplug types, permanent, disposable, and perhaps semi-insert, from which each worker can make his own personal choice. Communication-assist ing Ear Protectors Frequently in noisy situations there is a conflicting requirement for both auditory communication and ear protection. The problem has two quite different facets, according to whether the noise is continuous or intermittent, and these will be dealt with separately.
In continuous noise, Kryter (1946) has shown that if a voice can be raised loud enough above the noise for it to be heard by the unprotected ear, then it will be equally audible and in some instances more audible when ear protectors are worn. Where the noise level is too high for the unaided voice to be heard but communication is important, telephone receivers can be sited inside the earmuff and the desired signal communicated to the recipient either by a plug-in flex, if mobility is not essential, or by a magnetic or radio loop induction system.
With intermittent noise that is hazardous to hearing, the levels are often very high and of short duration, with relatively long noise-free intervals. Communication is therefore restricted to these intervals, but it is just then that the dulling effects ofear protectors are most noticeable (voices not being raised during these intervals), unwelcome and potentially hazardous. Non-use of ear protection tends to result.
A highly effective and sophisticated, but somewhat costly, bulky and delicate means of overcoming this has been developed by the Explosives Research and Development Establishment, Waltham Abbey, Essex, and is termed the 'ERDEfender'. With each cup of basic earmuff design is an external microphone, a peak-limiting amplifier and an internal telephone receiver; batteries and on/off switch are in the head-band. The level at which the amplifier limits is usually 95 dB, but can be adjusted to the user's specifica--s c 20 30 tions; the amplifier gain up to this level is unity so that sounds below 95 dB, which include those of person-to-person speech, are transmitted at their natural intensity.
Vastly cheaegr and more robust are amplitudesensitive earplugs, though they have a number of limitations which reduce their range of application. Thus, they are not quite so good for hearing speech, their attenuation of intense sounds is not quite so good and the level at which they provide their maximum degree of protection is very high.
The principle of these earplugs is that they have apertures or other features in them which allow transmission of low-intensity sounds such as those of speech with little attenuation, but provide a high degree ofresistance to high-intensity sounds.
Earplugs having these features to a greater or lesser degree have been manufactured for many years, and in some cases embody precisionengineered features which have a degree of scientific appeal but are not in fact very effective and incur considerable and unnecessary expense. Moreover, their relief of attenuation of speech sounds is often not very great. On the other hand, there is the Gundefender earplug, developed recently by Mr M R Forrest at the Institute of Naval Medicine. This is an incredibly simple device that not only avoids the unnecessarily complicated and costly features of some of the other amplitude-sensitive earplugs but also gives greater advantage in terms of lack of interference with speech communication.
In essence, the Gundefender is a plastic (V.51R type) earplug whose centre has been replaced by a perforated metal disc. The disc and aperture have critical sizes such that speech sounds are attenuated by only 5 dB, as compared to 20 dB and 15 dB for the V.51R and Selectone-K type of plugs respectively ( higher levels there is an increasing frictional resistance to sound waves. This effect was studied under laboratory conditions with hard-walled artificial ears and in cadaver ears. The attenuation and amplitude-sensitive properties of many earplug types were studied by the latter means, although most effort was given to the Gundefender's properties (Fig 3) . It can be seen from Fig 3 that the attenuation rises steadily with increase in peak pressure of the incident sound, and that by peak levels of about 190 dB (re 0 00002 N/m2) the attenuation provided is close to the 26-(-4) = 30 dB provided by the original Sonex V.51R-type earplug. Unfortunately, the kinds of noises for which these plugs will be really useful are largely limited to those whose peak levels are 150-190 dB, e.g. the noises of explosives, rifles and heavy weapons. For these noises, sufficient attenuation is provided for all the degrees of exposure found in military situations for which the conventional V.51R type of earplug is regarded as satisfactory. Whilst this usage for the Gundefender would also cover such non-military gunfire activities as sports gun shooting and marksmanship competitions, there are few industrial noises in this intensity range.
They may have applications with some lowerlevel industrial noises, e.g. 125 -150 dB from forging and other impact sources, but these often occur all day long in a repetitive manner and in reverberant sorts of surroundings and are therefore associated with greater auditory hazards. Careful calculations would then be needed as to whether the, reduced attenuation offered by the Gundefender at these lower levels, but longer durations of each impulse, were acceptable or not in view of the much higher daily numbers of impulses (Coles & Rice 1970) : it would also be necessary to determine whether the noise offperiods were sufficiently long and quiet for the earplugs to afford worthwhile communication advantages. Hence, the name Gundefender was given to the earplug in order to define its most certain field of application.
However, lest it be misunderstood, the cadaverear studies of other amplitude-sensitive earplugs showed similar attenuation limitations, except where the starting point of attenuation (i.e. for low-intensity sounds such as speech) was much higher than 5 dB, when little advantage would be gained in terms of speech communication anyway.
It should also be mentioned that the Gundefender was given an extensive series of field trials in relation to its beneficial effects on communication compared with conventional earplugs. The actual ear-protective properties of the plug were studied using the temporary threshold shift technique with rifle, mortar and anti-tank weapon noises up to 186 dB peak level. We concluded that the Gundefender gives as much protection against the. highest levels of noise as is obtained with conventional earplugs, and sufficient protection against the lower levels of gunfire noise to be acceptable for all but grossly excessive and quite unusual amounts of noise exposure (as might occur on proof-firing ranges of armament factories, when earmuffs would probably be a more acceptable form ofear protection).
Conclusion
Major increases in sound attenuation given by new ear protectors are unlikely to occur. On the other hand, the trend of development has been towards obtaining increased usage of ear protectors by means of attention to such factors as wearability, durability, versatility and 'communicability'. Anthrax, though no longer of common occurrence in this country, still claims an annual toll.
An encouraging reduction in the number of cases in those sections of industry handling hides and wool appears to have been achieved, perhaps through vaccination. There is no evidence, however, that the level of contamination of imported material has fallen off, and it is therefore still possible for infective agents to be transmitted to susceptible populations on the clothing of operatives in the industries concerned.
The object of the experiments summarized below was to devise a simple, cheap means of killing anthrax spores on cotton overalls without employing heat or complex apparatus and without damaging the fabric.
These terms of reference eliminate the majority of decontamination methods outright as too costly or too complicated. Liquid disinfectants appear to be the logical answer. There are few,
